Aim: Detecting cognitive impairment in the earlier stages is important for preventing or delaying dementia. To develop intervention strategies that promote screening for cognitive impairment, it is essential to identify the modifiable predictors for participation in screening. The present study examined whether participation in screening for cognitive impairment was predicted by the constructs of the health belief model, dementia worry and behavioral intentions to undergo screening among older adults.
Introduction
Dementia is a major public health issue. The global prevalence of dementia is increasing such that an estimated 106.2 million older adults are expected to be diagnosed with Alzheimer's disease in 2050. 1 Although some treatments are thought to delay the symptoms of dementia, complete recovery from dementia is not achieved at present. However, individuals with mild cognitive impairment, which is a transitional stage between normal aging and a diagnosis of dementia, could prevent further cognitive decline through interventions, such as cognitive training 2 and exercises. 3 Current instruments for screening cognitive impairment are reliable and well validated. 4 For example, the Mini-Mental State Examination 5 has sensitivity of 81.3-92.9% and specificity of 81.8-89.7% for screening dementia. 4 Cognitive screening instruments are noninvasive, do not require physical burdens, and not require any special facilities and expensive equipment. Furthermore, undergoing screening provides a good opportunity to encourage these health behaviors. 6 Thus, promoting participation in screening for cognitive impairment and detecting cognitive impairment at an earlier stage is important for preventing an increase of dementia. However, effective strategies for promoting screening for cognitive impairment have not been established.
When developing intervention strategies to promote screening for cognitive impairment, it might be useful to define the psychological variables that predict participation in such screening. In cancer screening studies, various psychological determinants of cancer screening have been identified, [7] [8] [9] [10] [11] [12] [13] psychological interventions targeting such factors can effectively promote cancer screening. 14, 15 Some previous studies have investigated the psychological correlates of participation in screening for cognitive impairments. [16] [17] [18] However, these studies [16] [17] [18] were just cross-sectional: Galvin et al. 16 measured the intention to undergo screening, and Fowler et al. 17, 18 measured the refusal or acceptance to participate in screening. Although one previous study used a longitudinal design, they examined predictors of participation in diagnostic assessment after a positive screening. 19 The behavioral mechanisms for participation in initial screening of cognitive impairments would be different from participation in diagnostic assessment after a positive screening result, because after it individuals are considered to be in different psychological states (e.g. higher anxiety in dementia) from usual conditions. To the best of our knowledge, no longitudinal studies have examined the psychological factors that contribute to participation in primary screening for cognitive impairments.
According to cancer screening studies, the constructs of the health belief model, the degree of dementia worry and the behavioral intention to undergo screening are likely predictors of screening for cognitive impairments. The health belief model consists of four main constructs: perceived susceptibility of illness, perceived severity of illness, perceived benefits of behavior and perceived barriers to behavior. 20 As this model has most frequently been used to explain cancer screening behavior, it might also be useful for explaining screening behavior for cognitive impairment. [9] [10] [11] Hirai et al. reported that the decision to undergo mammography screening could be primarily explained by the intention to undergo screening, and that breast cancer worry was a significant and hidden contributor to mammography screening. 13 Intention is a key construct in the theory of planned behavior, 21 and is known to predict various health behaviors. 22 According to several review articles, cancer worry can be defined as an emotional reaction to cancer threat, and is an important psychological variable for understanding cancer screening behavior. 7, 8 Therefore, the following factors are likely to be associated with screening for cognitive impairments: constructs of the health belief model, dementia worry and intentions.
Accordingly, the purpose of the present study was to examine whether participation in screening for cognitive impairment was predicted by the constructs of the health belief model (perceived susceptibility of dementia, perceived severity of dementia, perceived benefits of screening and perceived barriers to screening), dementia worry and behavioral intention to undergo screening among older adults.
Methods

Participants and procedures
The present study had a prospective design. We assessed whether individuals engaged in screening for cognitive impairment in the 6 months after a baseline questionnaire.
We used subcohort data from the National Center for Geriatrics and Gerontology Study of Geriatric Syndromes, carried out in 2013 at Midori ward of Nagoya, Aichi, Japan. 23 The National Center for Geriatrics and Gerontology Study of Geriatric Syndromes included a questionnaire targeting all individuals (n = 24 508) aged 70 years or older on 1 January 2013 who were living in Midori ward, Nagoya, without long-term care needs or support. The questionnaires were distributed by mail in June 2013.
After completing the questionnaire, the participants were invited to be screened for cognitive impairment at local public facilities from July to December 2013. All people aged 70 years or older at 1 January 2013, living in Midori ward of Nagoya city and without long-term care needs or support, were invited by mailing a recruitment document. In the document, the screening was termed "Nou to Karada no Kenko Chekku 2013" (translated as "health check-up for brain and body, 2013"). The participants were asked to respond regarding all possible dates from 3 to 5 days. After coordinating the availability of the participants and the capacity of each facility, the individuals were informed of their screening appointment by mail.
Among the target population, 16 276 individuals (66%) returned the questionnaire. Among these, 1949 respondents were excluded because: (i) it was not possible to confirm informed consent (n = 202); (ii) they did not receive recruitment documents of screening for cognitive impairment (n = 571); (iii) they participated in communitybased peer-staff activities in our research project (n = 8); or (iv) their basic activities of daily living were declined or the item of basic activities of daily living was missing (n = 1168). Among the remaining 14 327 individuals, 4304 had missing data for the variables used in the present study. In total, we analyzed the data from 10 023 respondents with complete datasets.
Informed consent was obtained from all participants. The Ethics Committee of the National Center for Geriatrics and Gerontology approved the study protocol. All procedures were carried out in accordance with the Helsinki Declaration.
Measures
Participation in screening for cognitive impairments Participation in screening for cognitive impairments was evaluated by whether they participated in "Nou to Karada no Kenko Chekku 2013." The registry was used to identify the participants of it. The respondents of the questionnaire survey were categorized into those who participated in it or those who did not.
Constructs of the health belief model
Based on previous studies [24] [25] [26] that used the health belief model to predict other health behaviors, as well as studies 27, 28 assessing the beliefs and attitudes regarding dementia screening, we developed a new scale to measure the constructs of the health belief model. The newly developed scale included 12 items: three for each construct of the health belief model (Fig. 1 ). These items were evaluated using a four-point Likert scale: "strongly disagree" (1 point), "somewhat disagree" (2 points), "somewhat agree" (3 points) and "strongly agree" (4 points). The scores of each construct were summarized.
Behavioral intention to undergo screening
We measured the behavioral intention to undergo screening with a single item, based on an item for mammography screening. 29 The participants were asked whether they intended to take screening for cognitive impairment using a four-point Likert scale: "strongly disagree" (1 point), "somewhat disagree" (2 points), "somewhat agree" (3 points) and "strongly agree" (4 points). When asking it, a specific timeframe was not indicated.
Dementia worry
We measured dementia worry using a single item, which was based on an item used to assess breast cancer worry. 29 The participants were asked to rate the degree to which they were currently worried about developing dementia. They responded using a four-point Likert scale: "not worried/unclear" (1 point), "slightly worried" (2 points), "somewhat worried" (3 points) and "strongly worried" (4 points).
Demographic factors
Sex, age, years of education, subjective memory complaints (yes or no), decline in the instrumental activities of daily living, engagement in paid work (yes or no), experience living with a dementia patient (yes or no), living alone (yes or no) and history of screening for cognitive impairment (yes or no) were measured as demographic factors. We measured decline in the instrumental activities of daily living using a 13-item scale, such that participants who answered "no" to at least one item were regarded as showing a decline. 30 
Statistical analysis
We carried out confirmatory factor analysis to show the factor structure of the scale with respect to the constructs of the health belief model. Goodness of fit index, comparative fit index, adjusted goodness of fit index and root mean square error of approximation were used as indices of model fit. We also calculated the Cronbach's alpha of each construct.
Next, we examined the binary association between each demographic and psychological factor with participation in the screening through a χ 2 -test (categorical variable) or t-test (continuous variable). Because cancer screening studies have treated points on a single Likert scale as continuous variables, we treated the intention to undergo screening and dementia worry as continuous variables.
12,13
Then, we carried out path analysis to identify psychological predictors of participation in screening for cognitive impairment. Path analysis can be used to analyze complex relationships among independent variables, and can show both direct and indirect effects on dependent variables. The dependent variable in our path analysis was participation in screening. For independent variables in the path analysis, we included the demographic and psychological factors that, according to the results of χ 2 -tests and t-tests, were significantly associated with participation in screening. First, we drew: (i) all direct paths from the independent variables to the dependent variable, and (ii) paths among independent variables indicated by the modification index (estimated decrease in χ 2 value) in the AMOS software (IBM Japan, Ltd., Tokyo, Japan). Next, we made model 1 by removing the paths among the independent variables if the path coefficient was lower than 0.10. We generated model 2 by removing the direct paths between the independent variables and dependent variable if the path coefficient was lower than 0.10. Because the present study had a larger sample size, we removed paths if the coefficient was lower than 0.10, even if it was significant. Similar to confirmatory factor analysis, goodness of fit index, adjusted goodness of fit index, comparative fit index and root mean square error of approximation were calculated as indices of model fit.
Statistical significance was set at P < 0.05. All statistical analyses were carried out using SPSS (version 21.0; IBM Japan, Ltd., Tokyo, Japan) and AMOS (version 21.0) software packages. Table 1 shows the respondent demographics. Among the respondents, 71.2% had subjective memory complaints, 21.4% showed a decline in the instrumental activities of daily living, 17.6% engaged in paid work, 13.3% had experience living with dementia patients, 13.0% lived alone and 20.1% had previously been screened for cognitive impairments. Factor structure of the scale for the constructs of the health belief model A factor structure of the scale for the constructs of the health belief model is shown in Figure 1 . Cronbach's alpha values for each construct were as follows: 0.88 for perceived susceptibility, 0.59 for perceived severity, 0.82 for perceived benefits and 0.65 for perceived barriers.
Results
Characteristics of the respondents
Predictors of participation in screening for cognitive impairment
The χ 2 -tests and t-tests (Table 1) showed that the following were significantly associated with screening participation: subjective memory complaints, decline in the instrumental activities of daily living, engagement in paid work, history of screening for cognitive impairment, age, number of years of education and all psychological factors.
We carried out path analyses with the aforementioned factors as independent variables. Figure 2 shows our first model, which includes all direct paths from independent variables to the dependent variable. Direct, indirect and total effects of each variable in the model are summarized in Table 2 . Although the path coefficient for the intention to undergo screening was 0.23, the path coefficients for all the other factors were less than 0.10. Thus, we removed these paths in our second model. Because history of screening, paid employment, age and decline in the instrumental activities of daily living were not indirectly associated with participation in screening in model 1, these four factors were removed from model 2. As shown in Figure 3 , in model 2, participation in screening for cognitive impairment was predicted by behavioral intentions (coefficient = 0.29). Behavioral intention was explained by the perceived benefits of undergoing screening (coefficient = 0.51), perceived barriers to undergoing screening (coefficient = À0. 19 ) and perceived susceptibility of dementia (coefficient = 0.16). Each value represents standardized direct, indirect and total coefficients in path analyses for participation in screening for cognitive impairment (model 1, model 2).
Predictor of participation in screening
Discussion
To the best of our knowledge, this is the first prospective study to examine the relationships between psychological factors and participation in primary screening for cognitive impairment among older adults. Encouraging older adults to participate in screening for cognitive impairment can help them detect cognitive impairment at earlier stages. With the development of specific and effective prevention treatments, improved early detection of dementia will be increasingly critical for primary public healthcare. As new strategies are developed to delay disease progression and possibly prevent or offset the onset of dementia, it is extremely important to be able to recognize individuals at high risk for developing dementia who might particularly benefit from early therapeutic interventions, such as cognitive training and exercise. Correspondingly, effective intervention strategies to promote screening behavior are essential. We found that participation in screening for cognitive impairment among older adults was positively predicted by higher behavioral intention, which was mainly explained by the perceived benefits of undergoing screening. These findings suggest that enhancing the perceived benefits and encouraging behavioral intention might promote screening behavior. Some psychological models (e.g. the theory of planned behavior 21 and the Health Action Process approach model 31 ) consider that beliefs influence behavior, mediated by intentions. Similarly, Hirai et al. showed that intentions exclusively and directly predict participation in mammography screening. 13 They support our finding that behavioral intention was superior to other psychological factors for predicting screening behavior. 13, 21, 31 Among the four constructs of the health belief model, the present findings show that perceived benefits might be most predictive for screening behavior with respect to cognitive impairments. Consistent with the present results, previous studies showed that the perceived benefits of screening are associated with acceptance of dementia screening, but that stigma and negative impacts of screening (similar concepts with perceived barriers) are not. 17, 18 In contrast, among the four constructs of the health belief model, review articles for cancer screening have shown that perceived barriers are most frequently reported as predictors of cancer screening behavior. 10, 11 The differences in findings between studies on cancer screening and those focused on screening for cognitive impairments might be explained by the contents and familiarity of each type of screening. Unlike screening for cognitive impairments, cancer screening often requires physical burdens (e.g. mammography, sigmoidoscopy). There is a possibility that perceived barriers of screening for cognitive impairment might be weaker than cancer screening. As cancer screening has played a role in public health for a longer period of time, older adults are more likely to be familiar with the benefits of cancer screening compared with those of screening for cognitive impairments. Thus, the perceived benefits of screening might be more important for participation in screening for cognitive impairment compared with that for cancer screening.
A previous longitudinal study found that perceptions of stigmas surrounding dementia were associated with participation in diagnostic assessment after a positive screening result, but perceived benefits were not significantly associated with it. 19 For the primary screening for cognitive impairment, the present study and previous studies have consistently indicated that perceived benefits are associated with decision making for participation in it. 17, 18 It can be expected that psychological states after a positive screening result are different from the states before it. Thus, the present study shows that behavioral mechanisms of participation in primary screening for cognitive impairment would be different from participation in diagnostic assessment after primary screening.
We found that the effects of perceived susceptibility, perceived severity and worry were smaller compared with the perceived benefits. These findings suggest that increasing the perceived threat of dementia might be less important for promoting screening behavior than enhancing the perceived benefits of screening. In cancer Figure 3 Path analysis for participation in screening for cognitive impairment (model 2). Goodness of fit index 0.99, adjusted goodness of fit index 0.97, comparative fit index 0.95 and root mean square error of approximation 0.05. *P < 0.05, **P < 0.01, ***P < 0.001. studies, a meta-analysis showed that breast cancer worry is positively associated with breast cancer screening behavior. 8 However, the Extended Parallel Process Model proposes that a perceived threat does not necessarily promote appropriate behavior: when people do not think that they can reduce the risk by actions, a perceived threat could lead to maladaptive behavior. 32 The Extended Parallel Process Model might be helpful to understand the present results about perceived susceptibility, perceived severity and worry. 32 According to this model, if people think that the early detection of cognitive impairment will not reduce the risk or severity of dementia, then the perception of this threat will not promote the decision to undergo screening.
We analyzed a community-based sample with an adequate sample size, and had a prospective study design. However, the present study had some limitations. First, many participants had missing data. Second, the internal consistencies of perceived severity and perceived barriers were not adequate, and the test-retest reliability of the newly developed items was unclear. Third, when mailing the recruitment document, the screening for cognitive impairment was named as "health check-up for the brain and body." Highlighting both the brain and body would influence the participation and the results of the study. Despite these limitations, the present study contributes to the scientific literature on screening behavior for cognitive impairments.
In conclusion, we found that participation in screening for cognitive impairment was positively predicted by higher behavioral intentions, and that behavioral intention was mainly explained by the perceived benefits of undergoing screening among older adults. Our findings show that providing information about the various benefits of screening and supporting the decision-making process (e.g. deciding where/when/how to undergo screening) might promote screening for cognitive impairment among older adults. Further examinations about effective strategies to promote screening behavior are warranted.
